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ABSTRACT 
The patches of the rice paddies are generally positioned by a traditional surveying method such as  
Plane Table and  Total Station in Korea. This study has been undertaken to check whether TLS 
(Terrestrial Laser Scanner) could meet the accuracy standard, compare TLS  survey data with those one 
of the new modern survey technologies such as  digital aerial photogrammetry and RTK GPS. As a 
result, it is shown that terrestrial laser scanning and 3D stereo plot of digital aerial photogrammetry 
technology could meet a positional accuracy standard with artificial target. The extraction of ridges of 
rice paddies is, however, difficult due to the limitation of the tone colour identification and the noise of 
digital aerial image, and low density of the point clouds in TLS scanning. It is therefore expected that 
more researches into the sophisticated algorithms for the natural boundary extraction and the noise 
removal in digital aerial image are required.  
KEYWORDS: TLS (Terrestrial Laser Scanner). Aerial digital photogrammetry. Natural boundary 
extraction. Rice field ridge.  
INTRODUCTION 
Laser scanning technology has been successfully demonstrated on numerous projects 
related to civil engineering as - built drawings, deformation monitoring such as dam, 
huge bridges, visual effects for movies, ground surveys, etc. [1],[2],[3],[5],[6],[12]. In 
addition, points and linear feature extraction of objects is done using a variety of 
surveying methods such as terrestrial surveys, aerial surveys and previous maps (e.g. 
vector digital, raster digital, and so on)[13],  which heavily depends on object 
characteristics.  
The transition from standard analog photogrammetry to fully digital 
photogrammetric processing is taking place with the introduction of various novel 
large format digital aerial cameras, such as UltraCamD by Vexcel Imaging Austria, 
DMC by Z/I Imaging or ADS40 by Leica Geosystems [4]. One major difference 
between analog and digital sensing is the acquisition of colour information. While 
classical film captures the different spectral information to the physical layers of film, 
there are different concepts in the digital world. The standard concept of  area based 
digital cameras like UltraCamD and DMC is to capture the colour information (red, 
green, blue and infrared) with four independent cameras and register these colour 
bands geometrically to one four-band colour image. In the comparison digital camera 
with analogue one, it reveals that digital camera images are on the advance with 
respect to stereo matching, edge response, noise estimation and classification, when 
compared with the film-based image [9], [10]. 
Other advantages of digital cameras is widely understood: No film, no photo lab, 
no scanning, and no noise from film grain and no cost of duplication [8]. Figure 1 COMPARISON OF TERRESTRIAL LASER  SCANNER WITH DIGITAL PHOTOGRAMMETRY 
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introduces the comparison of workflow between the conventional frame camera and 
digital aerial camera. 
 
Fig. 1. Aerial digital camera vs. frame camera 
 
The purpose of this study is to investigate how accurately TLS could extract 
boundaries between ridges of rice paddies and to perform an evaluation of the modern 
terrestrial surveying equipments and modern aerial digital photogrammetry technology. 
.  
 
 
Fig. 2. Overview of test field 
 
TEST SITE AND EQUIPMENT 
 Test site 
The project site as one of many typical rice paddies is located in central South 
Korea. There have been an increasing number of ownership disputes in this area I S LEE, J O LEE AND L GE 
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because of the sharply increased land value in a short time. It is therefore necessary 
that an appropriate and very precise mapping technology should be applied to solve 
this problem. The government is also trying to keeps the nation data bank to archive 
maps, yield record, fertiliser application of rice fields for digital topographic mapping 
and cadastral map. The area of the site is 250m wide and 400m long, and the rice 
paddy consisting of 30 patches has a similar shape, but a different and various sizes. 
The number of patches of rice paddy is sufficient sample sizes for statistical analysis. 
The test site’s scene is pictured with a digital camera in Figure 2. 
 
EQUIPMENT 
 
Terrestrial Laser Scanner 
The site was scanned with an OPTECH ILRIS-3D. The scanner is operated by a 
single person, controlled by a PDA (Personal Digital Assistants), and consists of a 
laser unit, a power unit, tripod. Table 1 shows specifications of the scanner used in this 
experiment. 
 
Table 1. Specifications of the OPTECH  ILRIS-3D terrestrial laser scanner 
Measuring principle  Time of Flight  Scanner field  
of view   40°× 40° 
Data sampling rate 
(actual measurements)   2,000pts/sec  Beam divergence   0.00974° 
Dynamic scanning range   80% target <1500m 
 20% target <800m 
Target registration 
accuracy   4mm 
Minimum spot step   0.00115°  Accuracy ＠1σ   < 8mm 
RTK GPS 
For this campaign, GPS equipment consists of a pair of SOKKIA dual-frequency 
GSR2600 receiver with firmware allowing RTK GPS observations.  The properties of 
RTK system are given in Table 2. 
 
Table 2.  Specification for GSR2600, SOKKIA 
Dimension  D153× W160× H70mm  TYPE  GPS RTK 
Weight 1.3  kg Model  GSR2600 
Accuracy  1.0cm +1ppm (horizontal) (1σ) 
2.0cm + 1ppm (vertical) (1σ)  Antenna type  Radial IS (Base) 
SK-600  (Rover) 
Initialization  < 1 minute (confidence 99.99%) 
Antenna. 
measurement 
method 
Slant (Base) 
Vertical (Rover) 
Total Station 
TS (Total Station)  is one of the representative and popular tools in ground 
surveys. While a distance and an angle are generally measured by EDM and Transit or 
Theodolite, TS can deliver these combined functions at once. Nowadays, computation 
and drawing in batch processing could be done with TS. The specification of TS is 
shown in Table 3 in detail.  
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Table 3. Leica TCR803 power specification  
Angular 
measurements 
Infrared Distance 
measurement (IR) 
Pinpoint-Reflectorless 
Distance measurement (RL) 
Display 
resolution 
Standard 
deviation 
Measuring  
range 
with circular
 prism 
Standard 
deviation  Range  Standard 
deviation 
1″ 3 ″ 3500m  5 mm + 2
 ppm 
170m 
(90% reflective)  5 mm+2 ppm 
 
Digital Aerial Camera 
Recently, digital aerial photogrammetry was introduced within the country and 
digital images were taken with Vexel’s UltraCamD. The technical data for digital 
camera used in this test is shown in Table 4. 
 
Table 4. Technical data Vexel’s UltraCamD 
Panchromatic image size  11,500 ⅹ7,500 pixels 
Panchromatic physical pixel size  9 ㎛ 
Panchromatic lens focal distance  100 mm 
Colour (multi-spectral capability)  4 channels – RGB & 
NIR 
Colour image size  4,008 ⅹ 2,672 pixels 
Colour physical pixel size  9 ㎛ 
Colour lens system focal distance  28 mm 
Angle of view from vertical, cross
 track (along track)  55° (37°) 
Shutter speed options  1/500 to 1/60 
Smallest pixels on the ground at  
flying height of 500m (at 300m)  5 cm (3 cm) 
Radiometric resolution in each  
colour channel  > 12 bit 
 
DATA ACQUISITION 
Terrestrial Laser Scanning 
Terrestrial laser scanning has two main tasks: (1) set up survey control marks and 
targets and (2) scan the desired objects and all targets. The scanning operation includes 
a few activities such as operating scan control window, and target acquisition. Before 
the scanning, one must select the scanning test site and the optimal grid size to 
distribute the point clouds uniformly. Our scanning was conducted towards noon, May 
25, 2007. Sixteen scans were captured at constant grid size. However, one scan is of no 
use due to the mistaken set-up of the scanner. Theoretically more than two scan 
locations are necessary to build a full stereo model of an object space without obscured 
areas. In practice, additional scan location might be needed for securing better 
accuracy results.  OPTECH ILRIS-3D terrestrial laser scanner was used in this 
scanning. Figure 3 describes the overview of the scan field at each scanner location. 
Table 5 presents the basic information for point clouds measured.  
 I S LEE, J O LEE AND L GE 
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Fig. 3. Scanner location  
 
Table 5. Field Scanning Information 
Station  # of 
Scan 
Scanner field 
of view  
(deg) 
Average 
Number 
of shot 
Average 
Scanning 
Time 
 (hrs.) 
Average 
Scanning 
range (m) 
Average X, Y 
Spot Spacing 
(counts/mm) 
1  4  50 x 50  1684159  0.234  75.788  15/30.25 
2  4  50 x 50  1606989  0.223  46.222  15/18.45 
3  4  50 x 50  898489  0.125  35.955  20/19.15 
4  4  50 x 50  1449178  0.201  34.163  15/13.65 
Average  4  50 x 50  1409703  0.196  48.032  16.25/20.38 
 
TLS and CCD Camera have their own coordinate frame. To utilize these results, 
coordinates must be determined in a local geodetic network. For this purpose, targets 
were set up and measured with total station surveying and TLS scanning. The local 
geodetic coordinates and the image coordinates for targets are used to calculate the 
coordinate transformation parameters, namely translation, rotation and scale factor 
between the both coordinate frames. Then the rest of point clouds were transferred into 
a local geodetic coordinate by using these parameters, rectangular coordinate system. 
Eventually, the points and the linear features were extracted in this local geodetic 
coordinates. Figure 4 shows the photograph of the TLS set up. 
The number of point clouds in 16 scans including 1 null scan, are 6,672,434 in 
total, and the file size is approximately 193MB (8-bit scaled) and 266MB (24-bit 
texture (RGB)). It took around 3 hours to capture the scanned image by two operators. 
Figure 5 shows intensity. 
 
Total Station Surveying  
In order to evaluate the accuracy of TLS point clouds, Total Station and RTK GPS 
surveying were respectively conducted. Total Station survey (24/05/06) at rice paddies. 
In the case of Total Station surveying, the azimuth (bearing) was determined, with one 
known local geodetic coordinate, used in RTK GPS and another one. After it was 
determined, the real natural boundary points were surveyed in turns. For this test, 172 
observations were calculated.  COMPARISON OF TERRESTRIAL LASER  SCANNER WITH DIGITAL PHOTOGRAMMETRY 
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Fig. 4. OPTECH TLS - ILRIS 3D                                      Fig. 5. 8-bit scaled  
 
 
RTK GPS positioning 
RTK GPS is a kinematic GPS positioning technique using short observation time, 
and provides precise results in real time. To achieve higher positioning accuracies at 
decimetre or centimetre level in real time, the double differencing technique should be 
implemented using carrier phase data. There are an increasing number of applications 
for high precision carrier phase based positioning, for machine and vehicle guidance 
and control. Nowadays kinematic carrier phase based positioning can be carried out in 
real-time, if an appropriate communications link is provided over which the carrier 
phase data collected at a static base receiver can be made available to the rover 
receiver's onboard computer to generate the double-differences, resolve the 
ambiguities and perform the position calculations [11]. This is defined as “Real Time 
Kinematic” (RTK) GPS positioning. 
In the case of RTK GPS, while one base station with the known local rectangular 
coordinate was set up near the test site, the rover moved to the unknown points (i.e. the 
natural boundary points). Before the surveying, the coordinate transformation 
parameters between WGS-84 (World Geodetic System 1984) and the local geodetic 
reference system have been calculated, and then they were applied to RTK GPS. The 
entire of 159 possible position solutions was obtained through this RTK GPS 
surveying (20/07/06). The position accuracy within 0~0.05m Standard deviation (1σ ) 
was acquired.  
 
Digital Aerial Photogrammetry 
The photographs were taken with Vexel’s UltraCamD. Digital images for this 
research were taken at 10 a.m., February 27, 2006. The details are as follows: film 
scale 1:5,000, flying height 1100m, Ground Sampling Distance (GSD) of 10cm, 9 
strips, 245 photographs, and a 70% forward overlap. 3-D stereo plot, digital aerial 
photogrammetry. In the case of aerial digital orthophoto image, first, the edge 
detection algorithm was applied to obtain the feature boundaries in the same test field 
that TLS scanning and RTK GPS had been implemented. Although artificial features 
such as sharp road, edges, etc., are possible to be extracted, the natural boundaries are 
not due to the difficult identification of the tone colour of the ridges between paddies. 
Next, the natural boundary extraction with regard to aerial digital orthophoto image 
was done by 3D digitizing method. To evaluate the possibility and the effectiveness of I S LEE, J O LEE AND L GE 
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natural boundary extraction with regard to the image, total station surveying results 
were used as the ground truth. Figure 6 shows aerial orthophoto image.  
  
 
Fig. 6. Orthophoto image 
 
RESULTS AND ANALYSIS 
Position accuracy of artificial targets 
The location of targets was determined by querying the coordinates of the point 
nearest to the centre. As a result of the accuracy comparison with the coordinate 
difference between TLS and total station data, standard deviation of approx. 1.6cm, 
1.9cm and 2.9cm in X, Y and Z of 16 target positions was revealed through the 
statistical analysis of accuracy. These results are very reasonable, as they were 
mentioned in lots of literature because TLS is a kind of a bundled reflectorless Total 
Station and their accuracy is very similar to each other. Table 6 includes the statistical 
analysis of the artificial target centre coordinate difference between TLS and total 
station data.  
 
Table 6. The accuracy analysis of artificial target positions 
  TLS – Total Station 
  dN (m)  dE (m)  dH (m) 
Mean -0.004  0.005  -0.011 
Average deviation  0.013  0.016  0.019 
Standard deviation  0.016  0.019  0.029 
 
 
 
Best-fitting analysis for the artificial targets’ positions 
To measure the trustworthy position of the artificial targets with TLS scanning, the 
statistical analysis like best-fitting was done with 16 SCAN data. The good RMSE of 
0.018m on statistical analysis of best-fitting for target centre position was presented. COMPARISON OF TERRESTRIAL LASER  SCANNER WITH DIGITAL PHOTOGRAMMETRY 
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Table 7 shows the best-fit statistics. And the point in Table 7 is the total point clouds 
included in the polygon which is chosen manually in order to determine the centre 
position of artificial targets approximately. 
 
Table 7.  Statistical analysis of best-fitting 
Target #  Number 
of points 
Mean(m) Standard 
deviation (m) 
RMS Error(m) 
1 50 0.000  0.016 0.016 
2 45  -0.001  0.033 0.033 
3 6 0.000  0.010 0.009 
4 33 0.000  0.031 0.030 
5 14 0.000  0.018 0.017 
6 6 0.000  0.002 0.001 
7 4 0.000  0.003 0.003 
8 34 0.000  0.014 0.013 
9 18  -0.002  0.046 0.045 
10 42 0.000 0.016  0.016 
11 21 0.000 0.015  0.014 
12 29 -0.001 0.020  0.019 
13 59 0.000 0.016  0.016 
14 12 0.000 0.017  0.016 
15 29 0.000 0.016  0.016 
16 17 0.000 0.016  0.016 
Average 26.19  0.000  0.018  0.018 
        
 
Fig. 7. Graphical overview for the extraction procedure of target centre position 
 
Figure 7 presents the graphical overview of the procedure for the artificial target 
centre position extraction.  In Figure 7, original artificial target (left) and its scanned 
image (right) are shown. Figure 7(b) also shows how to extract the artificial target’s 
centre position through making a polygon consisting hundreds of point clouds, and  the 
rectangular coordinate of the its centre position(A1, a1). 
Natural boundary extraction and map production 
(a) origin  
A
B B'
C
D
A'
(b) scanned  
C'
D' I S LEE, J O LEE AND L GE 
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In this section, the accuracy of the extracted natural boundary points was checked, 
and then, a digital map was produced using these extracted points connecting each 
other. To do this, at first, the average deviation of the coordinate differences between 
three surveying results, i.e. TLS, RTK GPS, and Total Station surveying was analyzed. 
Mean of average deviation is about 0.189cm and 0.169cm in dN and dE in RTK-TLS, 
TLS-TS, and TLS-RTK. Other statistics analysis was shown in Table 8 below. This 
big error variation could be caused by a variety of sources, i.e. the different period of 
fieldwork, the surrounding environments, the identification of the real natural 
boundaries, and other errors such as the obstructions, instrument setup, etc., resulting 
in the inaccurate positioning to the natural boundary points. For better understanding 
about this matter, the photograph of the real boundary (left) and the processed result 
image(right) in the commercial software like CAD (Computer Aided Design) were 
presented in Figure 8. 
 
 
 
 
Fig.  8. Field verification: Captured digital images of the corner of rice paddy (left) and the processed results (right) 
 
Table 8. Statistical analysis of the coordinate difference 
 
RTK – 
Total Station 
TLS - 
Total Station 
TLS – 
RTK   
dN dE dN dE  dN  dE 
Mean  0.097 -0.010 0.019 -0.025 -0.078  -0.015 
Maximum 1.190  0.800  0.842 0.560  0.898  0.562 
Minimum 0.005  0.000  0.000 0.001  0.000  0.000  Absolute 
Mean  0.164 0.181 0.186 0.162  0.206  0.165 
Standard deviation  0.224 0.246 0.252 0.206  0.266  0.212 
RMSE of coordinate 
difference  0.178 0.208  0.207 
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In next step, a digital map using the extracted feature coordinates was produced, and 
compared each map with those from TLS scanning, Total Station surveying and RTK 
GPS. To do this, transformation from the image coordinate to the local geodetic 
coordinates of point clouds was done, and then, the results were exported to 
commercial software for further analysis using Virtual Surveyor tool in the Polyworks 
MInspect software (ver. 9.1). This tool acts as a 3D digitizer software. The procedures 
of extracting the real natural boundary using TLS scanned images are as follows: 
z  RGB texture is prepared(Figure 9(a)) 
z  Several nature features of ridges at the rice paddies are chosen manually in 
turn(Figure 9(b))  
z  The chosen nature feature points are connected (Figure 9(c)) 
z  Finally, the results are exported into CAD in DXF or DWG format. 
 
Figure 9 shows the procedure for the extraction of natural boundaries based on 
RGB texture. 
 
 
Fig.  9. Procedure for the natural boundaries extraction 
 
This section deals with the quality comparison of map compilation with TLS 
scanning, Total Station surveying, and RTK GPS. In the case of laser scanning 
technology, the natural boundaries were extracted from just 2~3 point clouds and 
generated by the commercial software using the 3D digitizing method (Virtual 
Surveyor). There was not enough point clouds reflected on a narrow ridge between the 
rice paddies, so it is not easy to extract the boundaries, resulting in the inaccurate 
results. Figure 10 presents map comparisons. 
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                     (a) TLS scanning                                  (b) Total Station surveying  
 
 
                     (c) RTK GPS                                                  (d) 3D stereo plot 
Fig. 10. Map comparisons 
 
At first sight, they looked very similar, but actually, the big variation between 
them appeared through the statistical analysis of the distance comparisons like shown 
in Table 9. In Figure 10, ○(circle) and □(square) mean the maximum error and the 
minimum error of distance differences, between TLS(a), RTK GPS(b), 3D stereo 
plot(d) and Total station, respectively. 
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Comparison of distance error 
Using the coordinates of the natural boundary points, measured with total station 
surveying, RTK GPS and TLS surveying, the distance errors among them were 
calculated. In addition, statistical analyses with their results are shown in Table 9. 
 
Table 9. Comparison of distance difference errors 
 
  RTK - 
Total Station 
TLS – 
Total Station 
3D stereo plot- 
Total Station 
Mean  -0.070 m  -0.054 m  -0.192m 
Maximum error  -0.874 m  0.641 m  1.531m 
Minimum error  0.000 m  -0.006 m  -0.046m 
Standard deviation  0.325 m  0.308 m  0.614m 
 
All three parts of standard deviation of distance errors in RTK-TS ,TLS-TS 
surveying and 3D stereo plot are over 0.30m, and thus they are in excess of  allowable 
error limits (0.20m) at map scale 1:1,000 as regulated by the National Geographic 
Information Institute (NGII), South Korea. However, this will be very meaningful 
because these values were measured with respect to the arbitrary natural boundaries, 
not artificial targets. Therefore, when the formal targets are put on each corner of 
natural boundary points, far better results can be drawn. 
 
 
Comparison of required time for field surveying and office work 
In this section, the consuming time for the field work to acquire the measuring data 
and post processing of them to extract natural boundaries are compared. Table 10 
shows time taken in the field survey and for post processing 
 
Table 10. Time taken in field surveying and for data processing 
 
 
 
Time taken in 
field 
# of points 
surveyed  Time taken for  post-processing 
TLS   3.136 hours 
Approx. 
22millions 
points 
tens of 
minutes  1 patch 
TS  1.415 hours  172 points  several 
minutes  1 patch 
RTK  1.833 hours  159 points  several 
minutes  1 patch 
 
It should be noted that the time above is exclusive of setting up the equipments for 
each station. The most time consuming tasks with TLS scanning and RTK GPS are 
moving from the occupied to the new stations, setting up the equipment again, and 
placing the artificial targets on the ridge between the rice paddies. 
From the point of view of time taken for post processing, the time taken learning 
of the post processing software, in the case of laser scanning was not included here.  
From the table above, it can be seen that the natural boundary extraction with TLS data 
is more time-consuming than with RTK GPS data and Total Station data. This is why 
it took a long time to select the correct point clouds to extract the natural boundaries, I S LEE, J O LEE AND L GE 
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and why the authors had difficulty in producing the maps. As a consequence, the 
natural boundary extraction in a rice field with RTK GPS and TS surveying will be 
more effective and less time consuming than that with TLS scanning. 
 
Accuracy comparison 
The RMSE in coordinate differences between 3D stereo plot and Total Station 
surveying of dN = 0.513m, dE = 0.615m was presented in Table 11. In addition, by the 
comparison of distance differences between Total Station surveying results and 3D 
stereo plot, bad RMSE of 0.372m was produced, due to the transformation errors 
resulted from the different coordinate system and control points. 
 
Table 11. Accuracy of comparison between 3D stereo plot and Total station surveying 
 
 
3D stereo plot –  
Total Station surveying 
3D stereo plot- 
Total Station surveying  
  dN (m)  dE (m)  Distance differences (m) 
Mean 0.284  -0.443  0.014 
Standard deviation  0.513  0.615  0.372 
 
Furthermore, the variation of real boundaries’ conditions according to the seasonal 
effect, i.e. TS (implemented in the middle spring) and aerial digital photogrammetry 
(implemented in the early spring) also degraded the accuracy result. 
 
CONCLUSIONS AND RECOMMENDATIONS 
 
Unlike many controlled test sites for TLS scanning, this project was conducted in a 
rice paddy. Therefore, it was expected that this study would be a new trial in a mixed 
area with a ridge between rice paddies and the components parts of water. This test 
was also another opportunity to use digital aerial photogrammetry, released recently in 
South Korea. Through this test, a comparison of TLS scanning with digital aerial 
photogrammetry and the conventional surveying was produced. This study was 
categorized into TLS scanning, conventional surveying and digital aerial 
photogrammetry. More specific analysis are: (i) the accuracy evaluation of point and 
feature boundaries with TLS scanning, Total Station data and RTK GPS and digital 
aerial photogrammetry, (ii) the map comparison between them. The results of research 
are summarized as follows: 
First, TLS scanning revealed that standard deviation of coordinate differences with 
Total Station data for the artificial target position is about 1.6cm, 1.9cm and 2.9cm, in 
dN, dE and dH, respectively. Second, a statistical analysis of the coordinate differences 
to natural boundaries’ points, among RTK - Total Station, TLS - Total Station and 
TLS - RTK, mean of average deviation between them is about 0.189m and 0.169m in 
dN and dE. Many causes were identified for these large errors. This includes the 
turbulence of the real natural boundaries due to the different periods of fieldwork and 
other errors such as the obstructions, instrument setup errors, etc. Moreover, TLS 
scanning was only able to meet the requirement of NGII accuracy standard, even better 
with artificial targets, but not so excellent with natural feature boundaries. Third, the 
natural boundary extraction of a ridge between rice paddies with point clouds, and the 
map drawing with the extracted feature boundaries between TLS scanning, RTK GPS, 
Total Station data and the modern digital aerial photogrammetry were done in turn. 
The accuracy evaluation of the extracted natural boundaries presented that standard 
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Total Station data and 3D stereo plot of digital aerial photogrammetry and that of 
about 0.558m in distance differences between TLS scanning and 3D stereo plot of 
digital aerial photogrammetry were shown. These errors might be large due to the 
coordinate transformation errors from reference frame of photogrammetry to that of 
TLS scanning caused by the use of different control points (marks), the difficulty in 
extracting the natural boundaries manually due to the lack of point clouds in TLS 
scanning, and the noisy and high-resolution image in digital aerial photogrammetry.  
In the case of time comparison taken in field and for data post processing, 50% 
less time was required in Total Station surveying and RTK surveying than TLS 
scanning, but for data post processing in three equipments were not that different. In 
the end, RTK GPS and Total Station will be more reasonable in the rice paddies than 
Terrestrial Laser Scanner as the surveying equipment. Additionally, with the modern 
digital aerial photogrammetry, although it would not be the best for the extraction of 
natural boundary due to many factors, it will be good for mapping in itself when a 
flying altitude is lower. Therefore, more researches into the sophisticated algorithms 
for the feature extraction and the noise removal of digital aerial image are required. 
Furthermore, high resolution satellite imagery is recommended for the feature 
extraction. 
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